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INTRODUCTION 


The  work  accomplished  in  this  project  during  the  period 
1  July  1975  through  31  December  1980  has  been  reported  at  scien¬ 
tific  meetings  and  in  various  publications.  Citations  of  the 
oral  presentations  are  given  in  Table  1.  Citations  of  the  pub¬ 
lished  papers  are  given  in  Table  2.  The  highlights  are  described 
briefly  in  the  next  section. 
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Several  results  of  the  prefect  stand /out. 

First,  the  DSA  technique>/Wimroons ■  -6X  19  7ii  and  Siegfried 

and-  c6iuilUhs  l'j  '/a  jti^rovides /an  important  method  of  characterizing 
microcracks  k  It  is  presently  beiryg  used  by  others.  The  Dowell 
Company  appears  to  be  d^velopin^-  industrial  applications  (Strick¬ 
land  ajuJ^en,  1980a y^nd  b;  Strickland  et  al.  ,  1979). 

•  Second,  of  roc^^  with  crack  porosity  that  varies  from 

less  than -2  wOldy^*** to  has  been  identified  ~(-Fe^ir^  and—, 

~SimfflBO©s , The  microcracks  were  characterized  with  DSA  and 
further  with  thej  SEM  and  with  the  optical  microscope  ^Ridhter  and 
■Simmons,  S§77>W  This  suite  provides  an  important  resource  for  the 

•  I 

study  of  physical  properties  and  their  relations  to  microcracks. 

Third,  a  technique  was  developed  for  the  production  of  micro¬ 
cracks  in  rocks  under  controlled  conditions^  Simmons  and  Cooper 
(1978)  showed  that  thermal  cycling  of  rocks  a}t  low  rates  produces 
cracks  of  particular  characteristics  and  that  the  volume  of  cracks 
depends  on  the  maximum  temperature  used.  Thus,  we  can  now  produce 
suites  of  rocks  in  the  laboratory  in  which  the  only  variable  is 
the  volume  of  m i c roc racks-r— 

*>^Fourth ,  techniques  for  preparing  specimens  for  examination  of 
microcracks  in  the  SEM  were  developed  (with  partial  support  from 
ONR) ^  The  techniques  allow  one  to  prepare  samples  without  creating 
new  microcrSteJcs  in  them.  They  were  described  initially  by  Richter 
and  Simmons  (1977V''mod  have  continued  to  evolve. 

Fifth,  empirical  relations  were  developed  for  several  pairs  of 


physical  properties.  Feves  e£  a]L. 


77)  showed  that  electrical 
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resistivity,  at  low  frequency,  is  related  to  crack  porosity.  Sim¬ 
mons  and  Miller  (1980)  showed  that  the  velocities  of  elastic  waves 
are  related  to  the  electrical  conductivity  (for  igneous  and  meta- 
morphic  rocks).  The  potential  applications  of  these  relationships 
include  estimates  of  crustal  electrical  conductivity  from  measured 
seismic  velocities,  site  evaluation  for  waste  disposal  (including 
radioactive  waste),  and  the  estimation  of  porosity  for  igneous  and 
y  met^amorphic  rocks  from  borehole  logs  of  acoustic  velocity. 

I^^Sixth,  new  measurements  of  the  complex  dielectric  properties 
of  several  igneous  and  metamorphic  rocks,  under  simulated  crustal 
conditions  pr  aL-, — provided  the  data  necessary  to 

estimate  the  electrical  properties  of  the  crust  of  the  eastern 
United  States  ^Simmons  et  _al  .  ,  19841b)  The  result  is  that  the 
crust  appears  to  be  more  resistive  thanNhelieved  previously.  The 
new  models  permit  the  propagation  of  EM  waves,  at  frequencies  of 
100-50,000  Hertz,  to  significant  distances\ (100 's  km).  The  (ver¬ 
tical)  electrical  conductivity  structure  of\the  crust  now  appears 
to  be  suitable  for  communication  via  EM  wave^  propagated  through 
the  lithosphere. 


t 
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